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THE TEEO::=tY OF' PROPZLLERS 
lIT - THE SLIPSTREAM CON.RAC'rION WITH NUMERICAL 
VALUES FOR. TNO - :e·LA;:')E AND FOlJR-BLAD:2: PROPELLERS 
By Theodore Theodorsen 
Sv'MUARY 
As the condi tiona of' t .he ultimate wake are of concern 
b th theoretically and practically, the magnitude of the 
s l i pstreBJ"t1 contraction has bee n calcula ted . It wi 11 be 
noted that the contraction in a repr esent ative case is 
of t he order of only 1 Dercent of the pr ope ller diailleter . 
In consequence, al l calcu l atio n s need involve only firs t-
order effects . Curves and tab l es are gi ven for the 
contrac tion coe:ficient of two - blade and f our - blade 
prooellers for various values of the a~vance rabio; the 
contraction coeffici ent is defi..ned as the contractlon in 
tho d1b~eter of ~he wake helix in terms of the wake 
diamat r at infinity . The contour lines of the wake 
helix are also shown at four values of the advance ratio 
In c:)mp&t'ison wIth the contour lines for an infin..i.te 
number of blac.es. 
INTRODUCTION 
Slnce reference is often made to the wake infj.nitely 
far behind the propel l er , it is desi rabl6 to establish 
c6rtaln relationships between the dimensions of the 
propell6r and those of the 'Nake helix dt infini t y . The 
prbsent paper considers the r e lationship of the prope ller 
diarr.etcr and the wke di arne t er , or tbe problem of the 
sli. strea.m contractton . 
Tne discussion is restricted to a consideration of 
first-order effects , that is, to the detor~ination of the 
c~ntractjon ver unit of loadtng for infinitely mnall 
l oadings only . It wi ll be seen thut the contr&ct ions 
are indeed very smeJ.l , of thp order of a few percent of 
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the propeller diametep , and that t118 h igh- order terms 
are therefore not of concern. 'rIle lnterfer'ence veloci ty 
accordi ng ly is neglected ~8 small compared with the 
stream velocity. 'Ehe walee helix lies on a nerfe ct 
cylinder c..tnd the pitch angle is eve rywhere the sa'Tle. It 
is no ted tha t the as ~wll1)tlon of zero loaning corre sponds 
to that used by Goldstein for a different purpose . 
R tip radius of nropeller 
r radius of element of vortex sbeet 
6r contraction 
total contract i on or contraction at !2 = 0 h 
T angle betw0en starting point of soiral line and 
point P 
H pitch of snlral 
e Qngular coordinate on vortex sheet 
8 h - H2rr 
advance ratio 
x ratio of radius of element to tip r ad!us of vortex 
sheet (r/R) 
vR radial velocity 
V advance velocity of propeller 
w rearward displacement velo city of helical vortex 
surface 
w 
W = V 
p number of blades 
K mass coefficient 
- ----- -- ---------
'I 
r 
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r 
K(x) 
w 
Y2 
circulation at radius x 
( TIC c."- VR \ \: ~= -7- K(X~ 
circulation function for single rotation ( P~W) 2rrVw 
angular velocity of propeller, radians per 
second 
radial velocity at Doint P due to a doublet 
e l e~ent at 8,x except for a constant factor 
where n = 0,1, 2, . .. p -l 
n 
Y1 = ,/~l Y2 dx 
Y2 a ngle of contraction, except for a constant 
Y3 contour line of contr~ction, except for a 
6ro 
--
R 
6ro K 
R c s 
constant factor 
K 
total contracti on in terms of radius 
contraction coefficient (~ Y~ 
Y2 d, 
(
c s ,,-3 Y:\ 
K 4 J 
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1 
= sin 
2. .-
+ 2x L~(k) 
The r~dial velocity is obtained by using the Biot -
Savart law and integrating ove r the e nt re surface of 
discontinuity. If 6ro is t l1e tot.al contraction, the 
t;,r o for various 
-y-problem is to determine the ratio 
numbers of blades at several advance ratios. Simple 
expressions referring t.o zero loadI ng aI'e used throughout . 
The radl&l inward velocity dVR! at the point P 
is calculated. (See flg ~ . 1 'nd 2.) This velocity results 
from an elemen~ of circulatia~ f ds, which is located 
on a spiral of radius r th~t starts in a plane perpen -
dicular to the axis and containing the reference point p. 
The B.ngll; be t \Teen the startinu point of ehe sptral line 
and the point P Is designated T . The spiral extends 
below the plane to infinity. If the pitch of this spiral 
is designated H, the element at d projected angle 8 
from the starting point of the spiral is then at a 
d'stance h below the reference plane where 
8 h = H
2rr 
By introducing the nondimensional quantities 
A = H l 2T1R 
x = 
r J R 
( 1 ) 
(2 ) 
in the Biot-Savart law, tIle follo 1il"i..ng expression is 
o·otained for the racial inward veloci ty dVR' due to an 
element on the wake heltx of strength f: 
IAL 
l 
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__ J:...fd8\_ e cos (8 + T) - sin (8 + T) d vR' I \.A 
4rr R [1 + x2 + 'A 28 2 - 2x co s (8 + T) J3/2 
By differentiating equation (3) with respect to x, 
the field of a doublet e lement on the helical vortex 
sheet is obtained, the doublet element consisting of two 
neighboring sing l et elements each of strength f. 
Setting f'dx equa l to r and dividing through by the 
stream velocity V gives 
d vR '" _ ~ r d8 'A [8 cos (8 +T) - sin (8 +T)J 1 - 2x2 + 'A282 + x co s (8 +T)] 
V Lpr RV [1 + x2 + 'A282 _ 2x cos (8 +T)j5 2 
where vR is the radial velocity at the point p. 
Equation (4) may be written in the form 
1 r de 
- Lj."f( - RV 'AYI 
where 
Yl =~[~8 __ c_o_s_~(e~+_T~) __ -__ s_i_n~(8~+_T~)J~[~1_-__ 2_x_2_+ __ 'A_2_8_2_+ __ x__ c_o_s~(_e_+_T~)J~ 
[1 + x2 + 'A2 82 - 2x cos (8+T)J5/2 
(4 ) 
( 6 ) 
The function Yl is olotted against 
of 'A and various values of T and 
With 
8+T for four values 
x in figures 3 to 6. 
r 2rrVw K(x) = pw 
= 
2rrV2w K(x) 
pw 
rrVR'Ac s K(x) = pK 
where 
= 
2KW Cs V 
= 2KW ( 8 ) 
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substitution in equation. (5) gives 
d vR. 
V 
/,2 c s 
T _ .-K 
If the noint P is G.t a distar"ce h = H~ be l ow 
2rr 
the propeller , integratin~ equation (9 ) over the wake 
yIelds 
\OR 
V 
It is not~d that, with equally spaced blades, the 
function 
is ~n odd function of 8 and 
<;;;:-. 
L 
n 
Equation (10) can therefore be rewritten as 
VR \2. c s 
(t"T> r J9 I\(zt> y - - -4' dx de ': K D "---... 1 ~ n '·0 
AL 
(10) 
(11) 
(12) 
v 
..J 
L 
---------_._, 
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Let 
Y2 = K(X) L - n- Yl 
, n 
l 
Y 1 = f Y2 dx 
Y2 -
roo Yl de -
J8 J 
Va lues 'Jf YI and Y2 ' mu lt i1)lied by a constant factor 
f or conve nience in nlotting , are given in tables I to IV 
for two - blade and four - b l ade nro el l ers fo r which ~ 
and 6 t ake on various values. The se func t ions are 
pl'Jtted again t 9 in figures 7 and 8. 
Equation (1 3) be comes 
vR ~2 c s 
Y2 = - -V L~ K 
Now 
r 
vR dr dE 
-
1 d x 
- - = = -V dh dh "- d9 R 
Theref'J r e 
dx VR \ 3 c s 
= ~-- = - Y2 de v 4 1\ 
whence 
rR2 r2 ,,-3 c s (2 6r R2 - HI 1 I d r - dx Y2 de = = JR - - - 4 -R R R K LXI ( 8 1 1 
(15) 
(16 ) 
(17) 
(18 ) 
--~ --- - -
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If R2 is the r~dius at the p~opeller and Rl is the 
ult.'Lm&te radius )f the wa~e (82 == 0, 81 = CD), 
tiro Cs ",3 rY2 de ",3 (19) = = Cs Y7. R K 4 4K ./ 
vO 
where 
Values of Y3 ar .. ::: gi ven in tables V and VI and are 
p10tted In fi~lre 9 for two-blade and four-blade propellers 
for which '" and 9 take on various values. 
After all sr,l)sti tu tions are made, the complete 
mlll ti ple integral :'or thE:: to tal contraction 1 s 0 btained 
as 
(See figu . 10 a~d 11.) 
INPIFITE Nm~ B3R OF BLADES 
For purnoses of cOI:marison, it is useful to obtain 
the contraction for the case ()f' a1 infinite number of 
blades . By resolving the circulation into components 
parallel to and oerpendicular to the axis of the wake, 
the helical vortices can be replaced by system of 
vortices parallel to the axis and another of ring vortices 
having centers on the axis . Only the ring vortices 
contribute to the raciial velocity. 
The field due to a vortex rine; of strength f and 
radius r = Rx , located at a distance h below the 
NACA ACR No . LL~J IO 
r eferenc e poin t P , is given by Lamb (reference 1 , 
D . 237). In the n~ta t ion of the present paper i t is 
1 
i'R - r '2 1-\ 2 ] \lJ , = - .- x 2 I (-1 - ¥- f- F ( k ) - ~ E ( k ) 
o 2rr L.. {I' K 
where E(k ) and ~(k ) dre the comp l ete ellipti c 
integrals .s.nd 
9 
As before, a doublet ring is obtained by differentiating 
equ8.tion (20) with respe c t t o x . 3y setting 
r 
f dx = H 
t he fo llowing expression is ob t ained fo r t he fie l d of a 
doub l et ring : 
r 1 
( 20 ) 
x~ f2F( k) ! 2 r R k \IJ - k<x 2 --- - E(k) + 0 - Srr H k 2 I 1 I - L l 
.J l E(k ) j ( 2 1 ) 
In orde r to obta i n the effect of the entire vort ex 
system, equation (21 ) is integr8.t 3d vvith respect to h/R 
and x CiS 
The r adia l ve loci t y 
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Equation (22) may be written in the :form 
w(R) 
so that 
vR 
Now 
By substituti:1g 
R2 r1 r (h \ dE = J r _ l' \R'X) 8rrH R 
o V-h/H 
1 
- - 8;m r
1 
r I h ) p \~ R'.x dx 
til) 
1 
{ll 
- - J r ._ (h ~ <1? R'x; dx 
6r 
R 
2nH Jo 
rh 1 d r 
= -- I -- dh 
R Uo:> drJ. 
(
lh/R 
= vI\ d~ 
( V R 
= 
'00 
1 
8rrHV /
11 n'Y.> (h) ~I '+'-x ~ j '.t' h' 
VO ( h / n. I 
dx 
d~ dx 
R 
(26) 
where K(x ) is the horizontal comuonent of the circulation 
cJefficient, which may be expressed as 
K(x ) (27) 
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the following equation is finally obtained : 
11 7;/2 10J f 1 1 t ~l tlr c 2 \ -' - -- 2 - 2 P = -6~ (X ) dx II k1X 2 k E(k) + x2 2F(k) - 2 - k E(k) Jd!2. 1 11' K A 2 + x2 1 _ k2 1 - k2 R o / Uh/R - -
For convenience in usin~ the ~egendre tables, tte 
second integral is WI'i tt e n in the form 
where 
r:O;0 d~ 
Jh/R 1 R 
1 1 r / - .~ 
z 1 = sin y! L tan 2jO' \: 2 - x 2)E(k) + 2x2 [F(k) 
aYld 
_ i_Ix 2 
t _ (1 + x) 
sin2.0' 
or 
p' = sin - lk 
(See fi[;. 12 fo r plots of zl against h/R.) 
!::.r 
R 
The final expreasion is 
1 
+ 2x2 [F( k) -
1 
- I h :s ( k ) I '> d-=-
-' I R 
/ 
(See table VIr and fig. 13 . ) 
I(:OJ sin !.h/R 
(29) 
( 28) 
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IN?INITE 11r,ff BER 0 F ~LADES l:i'OR DTJAL ROTATION 
The contraction for a dual - rotating proneller with 
an infinite number of blades is next obtained. In this 
case K(x) = 1, and the radial velocity is 
.., 
vR = - - -2TTH fJ 
L, 
- k\ 
-) 
, ]X=l 
li(k) - ~ E(k) ~ 
k ,J x=O 
Slnce the value at the lOWEr limit is zero and K(x; = 1 
for an infinite number )f blad8s, it follows by substituting 
the Ta lue of r t~at 
61' Cs 
fiC,.., 
dE 
- = - I WI 
R ~:rr I R. I 
Jh/R 
where 
r '!2 \ 2 ""f);'=l 
wI = I \j{' k) F(k) - E(k) J 
'- ' 
k 
( See table VIII a!1d fig . lL: . ) 
CO 'CLUDIJlTf} P"EJV[ARKS 
The contraction coefficients are given for two - blade 
and four - blade single - rotating proryellers ~t four specific 
values of the advance ratio. T~e calculations involve 
trinle integratjons and are theref0re s~~ewhat laborious 
and susceptible to numerical err'ors. Until more cOllvenient 
methods are de vised to perform this inteGrati on , it is 
hODed that the values given in thIs p~pel' will serve the 
purnose. It is well t~ notice the small magnitude of the 
contraction . A four - blade DrODE, 11'3r wi th norlllG.l l oaeling 
and ad.vance ra 1.,10 i. s sho'oJn t') h~ VB H. to tal contraction in 
terms of the rE...c.1us' of leSS than one percent. The 
C -
_J 
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first- order treatment embodied in the paper is therefore 
adequate for a ll technical purposes . 
Langley Memoria l Aeronautica l Laboratory 
Nationa l Advisory Commi ttee for Aeronautics 
Langley Fie ld, Va . 
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TABLE I. - ;"'T]NCTION 
1-8--r---A-L-~"-Y-l "I e 
, ( deg) --1-.1 (deg) 
50 
100 
130 
150 
110 
200 
220 
250 
300 
350 
400 
500 
sso 
660 
6~0 
700 
75u 
800 
900 
I 
"- =.;= I 
'+ . 
- 0.00'.)2;1 ,11 --1 --. 
.0001L!8 2 
. 00 19[6' ? 
. 00 1 S13' 4 
.000679 I 5 
.00 505 2 
.002l)o8 
.0007 30 
.000)·'·50 
. 001305 
. 000622 
.000270 
.0001;.00 
. 000145 
.000031 
.0001['9 
.000175 
.000Cl58 
.000079 
I 
II ~~ I 
,I 
II 9 
10 
I 20 
II L.o 
., 60 
" 80 II 100 
I J.20 
" 
J.Lo 
. 160 
II 
I 
18.0 
.1 200 
II 
II 220 
ill' 240 I 260 
280 
300 
320 3u .. 0 
)60 
, :s80 
I 400 
'---_1.- I 420 II LJ 0 --1 460 
n. 3 
.-y 4 1. POR T"vVO - BLADE PROPELLER 
.- .. --. ---.-.------------t 
.. _--.,---
"- :: ~ 
- 0 . 000133 
-. 0002 13 
_ .• 0:JU2~3 
-. OUO~cQ 
-. 000488 
- . 00057~ 1 
-. 0006B2 
-. 000"8'1 
- . ooI6~B 1 
- . 0009c4· 
-. 001139 
-. OOO?99 
-. 000202 
- . 000;539 
. 000460 
. 001730 
. 003 131 
. 003351 
. 00265·~ 
. 001544 
. 000625 
. 000160 
-. 00oc?6 
. 0000~9 
. 000213 
. 000363 
• OOO~90 
. 0003L.3 
.000232 
. 000113 
. 000027 
- . 0 JOOll 
. 000014 
I 
, 
A. = 1 
- 0.ou0282 
-. 0009 23 
- . 00 1792 
- . 001571 
- .001286 
- .000862 
-. 000324 
. 0003 12 
. 0007 09 
. Olloo09 
. 000740 
.OOO~·92 
. 000 237 
. 00009( 
.OOOOl:..j. 
. OU0003 
- . OU00 13 
- . llooool+ 
.000004 
. 00000:3 
. 00003 1 
.000003 
- .000003 
. 000020 
6.000011 
I "- = II I 2 
- 0.000683 
-. 001033 
/ 
- .001307 
- . I)OJ.232 
-. 001283 
'- . 0013 16 
- .001353 
-. 0013513 
-. 001350 
-. 001358 
-. 001367 
-. 001030 
-. 000759 
- . 000 3511-
.000024 
.000274 
. l1003Ln 
. 000321 
. 000132 
. 000100 
. 000073 
-. 0000 15 
. 000008 
. 0000(6 
. 0000Ll-7 
. 000036 
. \)0003° 
.000001 
-. OOOOO( 
. ooooo,-+-
.000007 
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TABLE II. - FUNCTION 
15 
FOR FOL~ - BLADE PROPELLER 
, 
I 1c3Y1 11- ",3 4 Y1 
q r 4 I (; (d ~g) ---1 '-' I (deg ) 
'A. = -
4 
0 0.000500 1 
10 - . 020680 I 2 
30 . 097700 
I 
, 
60 1.25J.120 
65 1. 858 120 5 
2.879450 6 70 
75 ) . 8LI~270 '7 
80 4. 5~ 1.60 0 ~ 
85 i.~.9v7 600 9 
90 4 . 538300 10 
95 3.51.19380 20 
100 2.6250 10 ho 
110 1.330,)60 60 
120 I . 221510 I 80 160 1.017150 100 
200 I ·t02770 I 120 250 . 36960 Iho 
~Oo 
·323530 
I 
160 R~g I . 217700 180 
.154190 200 
450 I .154010 220 
500 . 119570 I 2~.0 550 . 038L~50 260 
600 -. 029500 I 230 
I 300 
320 
31.:-0 
360 
2BO +00 
420 
4~.0 
I 1.~6 0 Ii 
f-.----. 
'A. 1 
- .) 
'-
- -
I 
I 
- 0 . 001.t2 11 
! 
I , 
I 
I 
I 
-. 011374 
I . 006 150 
. 13'7001. I 
.363018 I .342 6Q6 I . 2185L.v 
I . 112735 
I . 09 1686 , 
. 075117 I 
I . 0~8218 
I 
. 0 0861 
. 030023 
. 024S39 
. 021139 
.017°[3 
I 
. o lL~o j-8 
I . 01 1174-
I 
. 009069 
. 007762 
. 006439 
I ' 
.00+b50 
I . 003~48 I . 00( 084 I . 00!..J.4.28 
'A. ;; 1 1 'A. = 1-2 
- 0 . 000.273 
- 0.000001 -. 0002 50 
-. 000088 
.000083 
. 00025 1 
.000002 . 000501 
. 000704 
.00090 5 
.001263 
-. 000013 . 001432 
. 00 1786 . 002981-1-
.006466 . 0053 28 
.00642t .003108 
.00h17 . 001577 
.002161 .000532 
. 001281 . 000298 
.00(1865 . 000.224 
.0005;;(5 . 000214 
.OO03La . 000166 
. 00022 .000078 
.000176 . 000101 
. 000130 . 000066 
.000100 
. 0000~7 
. 000062 . 0000 8 
.000042 . 000037 
.00003 2 . 000025 
. 0000 16 . 000002 
. 00003 2 
- .000018 
.oooooh 
- .000041 
-. 000004 - . 00000 
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TABLE III . - ?UNCTI ON 
o 
20 
40 
60 
80 
100 
/ 120 
, 140 
160 
180 
8 .138900 
,3 .1599 00 
8 . 219400 
8 . 291~.oO 
8 .35 1L+-00 
.'3 . 358900 
8.223900 
7 . 7~·5900 I 6.5709 00 
4 . 917900 
I 
I 
I 
\ 
o 
2 
t 
I 8 
I , 
i 
I 
10 
20 
Rg 
I 50 
I 
I 
200 3.h12900 I 60 
220 2 . 512 900 I 70 
I 2~() 2 . c.~32900 III 80 200 2 . 202900 I 90 
280 2 . 2459 00 11100 
I 300 2 . 215900 il120 
" 
320 2 . 026900 II 1,~_O 
3~O 1.734900, lbO 
,I 
360 l. ho49 00 II 180 
380 1.108400 I 200 
'
I 400 I, . 890900 \1 220 
I h20 . 780400 '/ .240 
I ~g : ft6t:gg III ~~g 500 . 67~lt-oo ! 300 
I i 
I 540 .50L;400 i, 320 580 32&00 1'1' 340 I 620 .2h6Loo· 360 
I 
660 . 231~00 Ii (80 
700 .189~00 I 4 00 
II 740 .112000 I l~20 I 750 . 030000 Il~O 
16 
FOR TVO- BLADE PROPELLER 
o ::Z:772 c/0 
• ..J ~ .-
· 377050 
. 378')80 
. 380140 
· ;, 323~0 
. 486770 
· ~.85670 
. l .53070 
· 373150 
. 267 2 50 
. 169L~00 
. 102200 
. 040500 
. 028630 I 
. 016630 I 
. 007610 I 
. 002400 
. 000420 
. 00010 e) 
t... = 1 
- 0.0041+94 
-. 004435 
-. 004280 
- .003990 
- . 003490 
-. 002790 
. 000595 
.00635 5 
. 010675 
. 013075 
. 0 13075 
. 011070 
. 008050 
. 004870 
. 002470 
. 00 1070 
. 000470 
. 000280 
. 000~7° 
. 000220 
. 000 290 
. 000 290 
. 000260 
.000150 
. 000090 
.000080 
. 000070 
1 t... = 1-2 
- 0 . 003136 
-. 002L.66 
-. 00l651 
-. 000876 
-. 000189 
.00CJ407 
.000907 
. 001302 
. 00 1577 
. 001717 
. 0017 24 
. 001504 
. 001129 
.000718 
.0 00blt-4 
. 000313 
. 000207 
. 00017-9 
. 000189 
. 000162 
. (;00112 
. 000065 
. 000025 
. 000007 
.000007 
. 000006 
I 
v8c 2600 II -. 006000 Ii 
- . 004000 I l-__ '--____ -i'I--. _ _ --I--_ ____ . _ _ --L ____ ---L ____ --I 
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A. 3 TABLE IV. - ?u ,TCTIl)lJ 4-Y2 j:i'OR F!)UR - BLAD:C PROPELLER 
9 
!--(deg) 
A. _ l 
- 4 
I 0 I o . 0 2U~1!~ 10 .Od,-414 
20 I .O24~. 16 30 .021,-330 
40 I . 02~.25 6 I I 
I 50 . 023969 
60 . o2~3 .38 
~g .021953 
. lE93t3 
90 . 0160 9 
, 
100 I . 0135~0 
110 j . C)l21 6 
130 .010889 
150 .009821 
170 .uo84hLt-
I 
190 I . 006951 
2 10 I . oor703 
230 I . 00(773 250 I . 00h032 
I 270 . 00352c3 
290 I . 00~03r I 
.
002594 310 I 
330 I . 002.210 350 
I 
. 0018 S7 
370 . 001612 
~ 90 . 001376 
410 
I 
. 001 166 
430 . 000959 
T-' 
Ii e 
'I .I f-.--. II (deg) 
I I I 
0 I o. 2 , 
· 
I t · 
!I · . [ ( 
· 
I 10 I · I 20 · 
I 1;-0 
· to 
Go 
· 
II 100 II 
II 
120 
· 1{0 
· II 160 
· II 12 0 
II 200 I 
· jI 220 I II 
I · !I 
21'0 
· 260 I 
II 
28 0 
· 
300 Ii I · 32 0 
I! 
-') '0 ). 
· 
360 
· it 380 
· ii 
II L-I-O O 
420 
· 4L~0 
· 
0172[7 
017~17 
016676 
013 8 99 
00~~02 
001 G59 
001l~E 6 
00118 6 
0 0090., 9 
000744 
OQOC;9 6 
000(72 
0003 63 
000 ~71 
)OCJ19 2 
. 007918 
.007S108 
. 006873 
. oo45c:O 
. 002668 
. 001594 
. 001014 
.oo06Ld+ 
. 000L07 
.000255 
. 000157 
.000091 
. 000087 
. 000040 . 00002~ 
.0 00010 
- .00 0002 
- .oooeno 
-. 00U019 
-. 000021 
000132 - . 000013 
000087 - . 000001 
ooooL: 6 
A. = II 
2 
. 002:;43 
. 001099 
. 001235 
.000902 
. 000675 
.000541 
.00oho4 
. tJ00314 
. 0002~.0 
. 00017 3 
. 000135 
. 000102 
.000073 
. 00o u5 2 
. 00003 5 
. OQ0020 
. 000009 
. 000003 
II ~50 
I 
. u00754 
ili: . 000550 II I . 000367 5 10 I . 000205 I I 530 I .000075 Ii I I lL ___ L-. __ 
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3 
TABLE V. - FUNCTION ~v FOn T '0 - i3LADE PROPELLER 4 ·"3 
9 
(d eg) 
o 
20 
4.0 
60 
So 
100 
120 14.0 
160 
I SO 
200 
220 
240 
260 
2~0 
40n 
11.20 
440 
460 
500 
0 .048613 
. ol4739 
. ohaS50 
. 036926 
.032975 
. 0 29007 
. 0 2 50 ') 6 
. 021~48 
.017300 
. OJ50 57 
. 003661, 
.003 2 62 
.00~7°:: 
.002 __ 59 
.00lJ QL 
I 
540 . 00P;l8 II 
5c30 . C'OO'J22 : 
620 . coo~!:"2. 
660 . Co')~.2 5 II 
700 .00)2:2 
1 (~ ! I 
r...3 y h 3 8 
(deg) 
o 
2 
A ~ 1 ).. = 1 A = l! I 
o . Q 159: ·-.... i-O-.-O-O-Z-1y-1 1-,1-0 . 0006:2 
. JlS EGJ . 002154 
.015656 . 002168 t . OlS511 . 002180 
.01~366 . 00~191 8 
10 
20 
~O ~o 
50 
120 
J40 
160 
180 
200 
. 012>13 
. 0111)17 
. 009332 
. 0075 25 
. 005732 
. OOL~lL~a 
. UOt!..9 27 
.0020')9 
. 00159h 
220 . 001 277 
24·0 .00104':1 
260 . uo0837 
z.80 .000632 
30,) . 000J..j.L!.1 
. 002201 
. 002217 
. 002111 
. 001852 
. 001490 
.001094 
. 00072~1 
. 00043 7 
· OU02L~3 
.00013') 
. 000087 
.000065 
· ')(;0055 
. OUC047 
.000039 
.00G031 
.000022 
.QGC01~,­
· 00CO )J 
.000J05 
.000002 
. 0)07.43 
. 0f)Od55 
. 000921 
. 0009?0 
. oo0941-~ 
. 0009 10 
. 000854-
.ooot30 
. 000635 
. 00060,? 
.000439 
.000303 
.000208 
. 000148 
. Oll0111 
.000086 
. 000066 
.00004;3 
.000030 
.000017 
.0(10J07 
. 00()OI)2 
. OCOOO L 
.ocoocn 
7LJ-0 • OOJO ·~I ~ II 
7 v O - . O')l),)Ct- I,· ~ 
St!..O - • CJ J JUC:: i J ; I 
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___ ~"'''pt C07CN~ITT:2:E I<'OR AERONA.UTICS 

NACA ACR No . L4.J 10 19 
TA BLE VI. - FUNCTION FOR FOUR - BLADE PROPELLER 
8 
(deg ) 
o 
10 
2 0 
Rg 
50 
60 
~g 
90 
100 
110 
130 
1 50 
170 
1 90 
210 
23 0 
/-...3 
"4Y3 I 
------ ----1 
/-... :;:l I 
4 I 
0 . 0677 86 I . 06352~ 
.0 592 6 I' 
. 0 5500 
. 05 0757 I 
. 04Cs49 I 
. 042[:.20 I 
.03.I3L50 
. 031.).33 2 
. 03 1732 I 
. 029 167 
. 026892 
. 022885 
. 0 19263 
. 01 6059 
I 
I 
I 
I 
. 01335 8 'I 
. 011 148 
I 250 
I 270 
. 009303 I 
~ :::~:: I I 
I 
I 
290 
310 
330 
3 50 
370 
.004~00 I 
. 003461 II 
. 002748 
.002138 I 
3 90 . 00 1621 I 
410 . 0011 81 I 
L~30 . 00082 3 I 
450 . 00053 2 I 
l ~:: : :::~~: II 5 10 . 00005 2 ____ L.... __ 
8 
(deg) 
o 
2 
t 
8 I 
10 
2 0 
;2, 0 
4.0 
50 
60 
7 0 
80 
90 
100 
120 
J. ho 
160 
180 
200 
220 
2uO 
260 
230 
300 
320 
;lo 
360 
~gg 
420 
/-... :;: l 
2 
0 . 0335,[2 
. 03 29 69 
. 03 2 367 
. 03 1761+ 
. 0 31162 
f... :;: 1 
0 . 010513 
. 0 10236 
. 009 960 
. 00 9684 
. 009407 
. 03 0 55 8 I 
. 027 537 
. 009131 
. 0077 50 
. 02158lt. 
. 01 6211 
. 0120 55 
. 009 157 
. 007100 
. 005 512 
. oO~.265 
. 0033 14 
. 002574 
.00200 3 
. 00 15:15 
. 001165 
. 000863 
. 000 634 
.000452 
.000307 
. 000 196 
. 000 11 6 
. 00006 1 
. 000023 
. 00 5158 
. 003 15 5 
. 00 1916 
. 00 1185 
. 00073 8 
. 000453 
. 000267 
. 000 151 
. 000086 
I . 000052 
I . 000022 
I 
-. 000000 
I 
- . 0000 1 2 
-. 000019 
I -. 000021 
-. 0000 19 
- .Ou00 14 
- . OOOOOd 
-. 000002 
0.00528 6 
. 0043 89 
. 0035 32 
.0027 66 
. 002131 
. 00 16 50 
.
00 1297 
. 00 104 0 
. 000856 
. 0007 22 
. 000b18 
. 000L+.b5 
. 000343 
. 000 2L~3 
. 000 173 
. 000 122 
. 000080 
. 00004·9 
. 0000 29 
. 0000 1 5 
. 00000b 
. 000002 
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TA3LE VII. - CONTOUR LINES - SINGL:C-ROTATING PROPELLER 
tz: 
> 
o 
> 
:t> 
o 
::d 
z: 
o 
r----l-~r -i~---r----I--6~~-~1----Tl--- ---- --6£ 1 -11---' 6r ~ I • 
I R v s I, , Ii c s II ~ Res. I. • ! Res l~/R r l Uil nl il I 1 -: hi h r-------II h/R r _.L . 
I ~ = 1+ II I A =:2 'I A _ 1 I! A _ 1;; I 
T - , --+--- I II I -t r I , 
s-
~ 
j--J 
o 
L~ . o a.oooL'5! 4.0 I O, OOObO il L~.o I 0 . JO(' 5 3 III 4 .0 . 0.OOO?2 I 
3·0 i . 00263 I 3·0 I ,C8226 II 3·G I· . 00138 I 3 ·0 . 00143 I 
2 . 0 . 0071-1-7 II 2. 6 I ,0032° II 2.6 ,00~~2 II 2 . 6 . 00226 I ~ 
1.6 .O ~ .lL-~ II ~.2 .0('5'1-5 II 2.2 ! .O~~24" 2.~ .OO)~2 I 
1 . 2 .0-790 I .l. S . 00338, 1. 8 .Oub2b I lo t:) . OU4b7 . ~ .c2lP8 II! 1 .l .01266 Ii 1.4 .00?37 · 1.4 . 00726 I 
.45 .Ol733 ,I  1.0 001(63 'II 1.0 .olh46 1.0 '°;197 
.8 .o~~g9 .8 .01812 1 .6 . O~708 
. 6 . 0;3 247 I . 6 , 02312 II' .l5 . 0.2 330 
.4 . OL~312! .4 ,()3053 I 
.2 . 05997 11.2 . 01.,233 . 
. L .1 .0'7388 II .12 . 04985 ~ 
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TABLE VIII. - CON'.rOUR LI NES -
DDAL-BOTATJNG PROPELLER 
I l"l r 1 ~ ___ -=~~_··_·i-+-___ -=-R_-C_S. 
10 .00 0 .000060 
9 . 50 .000141 
9 . 00 .000244 
8 . 50 .000368 
S.oo .00051 3 
7·50 
7 ·00 
6 · 50 
6.00 
5·50 
5 ·00 
4 .. 50 
4 ·00 
3 ·50 
3·00 
2 · 50 
2 .00 
1. 75 
1. 50 
1. 2 5 
1. 00 
·75 
. ~~ . 
.I..f-~ 
.40 
·35 
· 30 
.25 
.20 
.15 
.05 
.000680 
.000867 
. 00107L~ 
,ool~72 
.001898 
.002355 
.002873 
.00i7 16 
. 004671 
,006183 
.008289 
. 01 33 90 
. 016370 
,020350 
.02 5820 
.0??490 
.044930 
. 062340 
.066120 
.070340 
.075070 
,080400 
,086370 
.093 230 
.101230 
. 110680 
.123220 .10 ~ 
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Figure 1.- Geometric relationships ot wake helix . 
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Fig. 2 
Figure 2.- Plan view of wake helix showing geometric relationships. 

3 . 5 
1'- .. 
3.0 
2 . 5 f. 
l~ 
.I 2 .0 
I', 
Ii,. 
·' 11. 
~ I 
1.5 
1 , 
L . ~ 
1 .0 
1 
I 'I 
• 5 
'I I! 
,/, ,, 'i" 118 00 
V, o 
-i -
-\ 
-.5 
"-
.I 
-1. 
o 100 200 300 
--<-f. ;,.. 
\ 
, 
f 
\ I . 
, 
£I 
, \ 
',I 
II JI 
0\ 
"\ 1"" 
t: \;;' 
i' \ 
,1 , 
if' t 
,- \ 
. L 
-'~ I! 
.. 
400 
ilil iii ilill Ii i I 
\. 
'+: 
l 
, 1\, 
j' 
"" 
.t£ 
c1 
.:ffi 
''"' 
. !f', 'j 
+ 
I 
.. i 
'" -~ 
II' 
l\ '/ 
, '- i'- ,/, 
500 600 
9 .,.T, deg 
(a) x - i 
.. 
J:1l'r' ., 
ti .... 
'HiW 
iE 
~ --
/' " 
' w ' ... 1' . 
,,/ "-
/ 
700 800 
Figure 3 • - The fUnction Yl for).. = i and four values of -y • 
'I . 
"" ~ t:- :- I:-~ ;;..~ 
- --= 
II! !no! At ~ CO ~MI lIEf f'o 
900 
-
" 
.-
~. 
~ 
Ow. J1lC 
1000 
-: 
Z 
» 
() 
» 
» 
() 
::0 
z 
o 
r 
~ 
c... 
.... 
o 
""J 
..... 
oq 
CJ.J 
Pl ' 
L 
NACA ACR No. L4JIO 
-~I"'"""r-I 1"""",,, .... ~ .. ..~ , .- .. 
_.-
-
I 
- f-
- I- . 
- l-
.-r- - - - .. 
--I- -e- 1- ~ 
-- --r-e- - - I-
I -
~ . -r- "-- - - l- e- -
.-
- r-' 
5 - f-- 1--f-
:"' 
f-< , 
t -- -
i i I- - -f- - - -
--'- . -
. -- -
--r-
- r-- r~ . . .- l-
.-
-
..-
--
- \. , I 
-l-
'- '1- ....... , '- . ..... _. 
" 
-
-' 1-- -. 
-1-r-
-I-
-
- -
- I- -'. 
- - I 
" 
- "-. f- - f-- r-r-
-- r-- - - r-f- _. - r-
'" 
_. 
1\ 
~ \ 
1 ~ 
~ Ii 
:s . 
~ .J:j 
S ~ J 
8 
/ 
,,;, 
f. I 
I 
\ \ 
, 
~\ 
.~ 
\ 
J 
rt 
,17 
-~ 
- lr 
- ... 
P' 
I 
.... 
, 1----p:...;- - - I-
.... , 
.-
'., 
I 
~ II 
-
I I, 
1\ 
~ \ 
'b 
11 / 
" 
o 
l-I-
r-I-
-
r--
,-
-
1-
: 
8 
m 
8 
r-
0 
0 
Ul 
8 
U) 
8 
'OJ' 
8 
'" 
8 
'" 
o 
.-t 
I 
Fig. 3b 
.,; 
'" ~ 
~ .-t~ tl 0 
11 () 
I- M 
+ $l 
CD ~ 
'" 
'" <-~ 
-n 
... 
, 
I 
NACA ACR No. L4JIO 
I-
-
,--l-
.-. I- --
l-I- l-
....J 
e --I-
, I-f-
~ 
; . 1-
~ 
I I-I -
-i-
-- --.... 
~, 
'r-
- l-
-
~ - ~ --
f-
-
f- l-I-
-
I- -
I--f-
LL 
o 
M 
f- l-
I--
1- - t- .-
-I--
-t-
-
- I-- -
-
-~ 
-
- 1-
- 1-
I-
-
-I-
l-
-I--f- f--
I-- -
I I-
00 
I- -
I- I--
I-- - f- I- - I-- - I--
.- I-- -1-- -
t- .-~-I-- 1- -
I-- I--
f- I- I-I- .- -. 
L 1--1-- _ r= _ i-
f- - 1--- J1-+ L ~ \~ 
-- t -r t-r- --f--
.-
-
-+- - l-
l- e- I- -- --f-
1 
I- I-- I - i- l- -+= 
-
-I--
f-
I. 
- - I--1--- +-
--I- f-T I-
--r--~ r-- :--
\ 
-I-- -
.. 
<> 
~ t-- I--
nI 
a: 
0 
. ~ ttl 
11 f-I-- I--
e> 
j 
1 
I I 
I 
--
I--- I--~ I~-I-- I-- -\ 
.\\ 
1. 
--
I-
--
t- I--
I--I-- .- '- --I-
:::-:. r-::. ~ v I- -e~ / -.- --I-f-
I 
I ,-,1-
-f.- I e-- I-I-
-k L I--\ ~ I- -.- f-
- h - t ~-
'1 f-l I- I--
--I- r t-L -I-i-
-
~. ~~D g '- - I--I- .lX)..1 M f.- . 1-- I--
-
j 
-- --
--I-
.- -- -I- fh I-- O>i 
-- -I-
'b "\ 
II 
I - 1-1- )-
o C\I 
I 
o 
8 
M 
8 
Cl'l 
o 
o 
00 
8 
r-
0 
0 
<0 
0 
0 
If) 
0 
0 
'I' 
o 
o 
C\I 
8 
M 
o 
bO 
Q) 
'0 
r 
+-
(l> 
Fig. 3c 
-d 
Q) g 
. OM 
+' 
<'>1'1' C 
0 
11 t.l 
>< 
.-" 
<> 
<'> 
Q) 
r.. 
So 
..... 
r.. 
\ 
• 
NACA ACR No. L4JIO 
j 
, t 
I 
t, 
tl;' 
,I 
. 
~ 
• 
~ 
~ 
~ 
~ 
. 
'1 
1 
I 
,-
, 
1 
i 
t 
j 
1 
-
- =-
'1 
ft k-
"-
a 
00 
, 
,l1 l tt 
;:,~ 
," 
1 
, .. 
--
- - ' -
-;:::-
- ' t 
'--
a 
ID 
- - :-
t ' ~ 
t: 
t 
" f f 
-
-
l 
n 
.I; .. ~ 
~ -!iii 
:; ;;. 
~ :4 
~S 
~ 
jl 
.1 
f, l l: 1-1 
t:' 
..,.,. 
lli 
--
.---
f 
\ 
.... 
-
a 
N 
+ 
' + 
, 'I, 
1 
'J .tfl 
'J 
JlI 
1 
• \ Il , 
~ \ 
; I~, , 
.. ~ 
Itt 
, 
J 
--;--; 
,/ T 
~ I"-<.. , ,r 
I\' 
i~ 
~ 
I 
~ 
~' 
-
0 
II " 
r ~ 1;' 
a 
, 
j 
tl 
T 
!O 
N 
I 
a 
8 
M 
8 
m 
8 
I:'-
a 
16 
a 
a 
l[) 
a 
a 
C'l 
a 
o 
N 
a 
a 
.-1 
a 
Fig. 3d 
-d 
GO 
a 
.... 
~ 
bQ ~ t--~ 0 0 
~ II 
r- H 
+ C'l 
(I) ~ i 
"" 
I 
... 
100 
-
-
I 
I 
I 
c "" 
...,. _l: ::.. 
I ~ ,,". I I • \ ' 80 
I " + - . 
-
-L -
.J: 
60 I ~ 1\ 
Yl 
I J I I 
I I I , .~ 
-
.\ .I ~ , 
I I L..I 
1 I \ /"-
40 
J \ 
II \' I 
I L .- ..... 20 
I I '/ "\ i ~\ 
I I Ji 'I 
1~ ov 
'" 
11'"' 8~ ~, r ~ 
I I -- -o 
I ! 
I I . .. 
-20 t -.l -
o 100 200 300 400 
.Jet ':f ~L l ~ 
c ,+ 
~ . , 
~ ,I 
. ' r ., 
1: .~ ~ . 
j ~~ .• ~,! 
-
" 
,. 
J: ;r !- . ~ 1'"+ • , 
-
- -
.j.. I_ . 
! + , ~ ,. - ' 't '.: c 
-
,. - ~ - 'V 
. 
-
, 
-
:'"'.1 ... " ~ ~ : ~ I 
-
I 
• 0 ~ tTc 
.+ + 
n 
. 
, 
- r-- 1", 
-
~ -
500 600 700 
g +'t' , deg 
(e) x= fi. 
Figure 3 • - Continued. 
; ~ 
~~ 
. 
" 
I 
i o' j 
I 
.. 
fnM ~m h: hR 
-
~ 
~~ I 
800 900 
, 
! 
1 
, 
~ I , 
I 
t 
-
r-f-'~ 
lOOO 
z 
> 
o 
> 
> 
o 
::u 
z 
o 
l' 
tl:>-
c:..... 
...... 
o 
'XJ 
~. 
oq 
t)l 
<ll 
· I 
~.--.~~~.~ 
NACA ACR No. L4J10 
I-
l- f- -l-f- 1---0 i 
/-- -
l-
- f-- f--
P • 
-1-
H 
b c- -- f-
-+ 
• 
. ~
. ~ I--I--
L 
r i 
- - f- -
-
, 
-
- f-
- --I--I- -
-
-}-
t -
f--
I- -
f- l-
f-I- --
l-
~ 
o 
00 
-
f-
-
f--
1--
f-
I-
I, 
P-
f-T f-
l-
-
f-
I--
l- f--
t 
o 
r-
no' 
I-
i 
f--
--f-
-I--
-
-
-
Ie: 
--
-
- l-- "-- --, 
I-
- - - f-
--l- j- I-
I- I- --f-
l-
o 
'" 
f- II 
.-
I 
I 
-
-
I -
i 
o 
U) 
I 
II 
btl< 
r" 
- -
+-
f-f--
- 1- -
~-
-
o 
'" 
-
-
l-
f-
-
I-
o 
'" 
..:: 
-
-
;3 
. i ' 'il 
!' ~ 
"" h;; 
~ E 
~ 
.:r; 
f= -.,;: 
--
-. 
c __ 
l-I--
o 
o-l 
--~ 
.:::..: ~-
'R; 
f- --
, 
, 
I 
I 
I 
.~ 
, 
C1 
" 8.~ , 1'\' 
\1 
I- I--
o 
Fig. 3f 
-l-
0 
0 
r- 0 
0 
~ 
II 
1-
0 ~~ g bO 
~ 
, 
f- --
T 
8 
It) 
8 
'I' 
8 
'" 
8 
.... 
o 
o 
7 
~ 
~ 
1- r-in 
+ 
o ",Me 
.-i.e:, 
o-ll<l' 
H 
~ 
..; 
~ 
" o-l 
" <l 0 
u 
I 
'" 
'" ... ~ 
.... 
lilt 
i 
L_~ __________________ ._~~ ___ . ____ J 
NACA ACR No. L4JIO Fig. 4a 
~+- i' 
f---
I fiF 
-
>. 
r- r- - !-- f- f--- -f---I-
I ' i '~,' . , 
r-~ -- --'r- "='" \- -~ j} ~ IV 
'--r- 1-- - e.:; 10 
r 
.... 
0 
., 
'" 
" o-l 
'" :-
-
-If'- Itt.- ~ e 
-f---- It 
. 
f--- f--- ~ 
o-lfC\l 
~ .- . 
--f-f--
~ ~ t ,~ " . t Ilc ~ f--- -~ Itt -- .-1- -~ l' '[If 1[£.1 ," I W It; II I d, V (~ V . t ~ f' "i~ III 
bO II ~ o-ll.:o 
"'-II 
K 
r.. 
0 
I- .... 
• + 3 ~ G 
<l 
0 
..... 
+' 0 
<l 
e 
~ ~ 
~ 
--
...-
/ 
..-
// 
-
/' f----
I ... I- -r-. -
./ 
"b ..- ,/ 
-I- -f--- I- t~'" l- f-c----
o OJ 0 (II 
..; 
1 
. j 
i 
• 
NACA ACR No. L4J10 Fig. 4b 
'J:t± 
I rmr::f 
llii 
-r:: !111 fBI 8 [IT' iT a> 
I- ., j ' il 11;, 
h d! 6' 
II lit j" 'I ~ !l 
.. ~ I~ !f~ g 
.:,1 ~ ;~ ~ij1 
r~1 ~5 i~ 
lit: I. . ~ 
I 
. lt8 ! .t • 10 
;f :d : I ~ It.1~ 
]j \l m 
Ir, K\ 
It '1 'Ij '''' , "t:~ 
~ 1\ i .. T :, : ~ I~ f--- : ~ l:tli Fm ·tl '''' 
~ Itt I , j I ~\, 1'1J 
i ti~!"tj 
. c IftJ ~: ~TI 
~ - l- t-- III :1 1-' IttI1 14 1.4 
~ " If B 8 
i Ii: I" 'I 'Ir'~ f ilt! <l) t-i~ Vp))". lit ~; , "I 
.l. ?L '.! 1- --
I·-\-- ,- - l.-V ~/ 0 
-
~ Ff 1/ 
0 
!-- ./ i' ... 
....- f-p !--- [7 '" 
'-' 
r;..... '-' I:r- I i. 
'\ I~ li'if 
- i---'-
' .... , r, fa f?" 8 
" 
I', :" C') -f-
lo, t--~ h..~ Ii! '1' 
r---. 1'" P' 
..' c. 1,\ 1\, . ~ 
IJ ,,\ I ·, I, I, I~ 8 
r~ Ii CIl 
; I ~ I.' II ITT I,; 
_I. 
I "; I lit)~ 
,! if I 1\ \ 1tF. 
.' i t,- 0 c- o 
.-.. l ... · ~ r: I I~ rf 
.. - i- r' 
-J lj-h~ [4-
r -r-- ~ i-
~ i) 
I ' 1/ ;, ' u r-- :\., /. ~r-;:-
CIl 0 ~ ~ ~ c ~ . 
rf 
- -- - - '-- ~- - -
I 
-~~-~--~_ ,_ J 
"; - I ! Ii f ___ ,~), h 
f 1 -I I V\ ! I i4 ·4GflP1.MNiNs fbI 
,'i.. 'I LL 1 \ I J L.! ¥ i:'i=fc "f;pi fiE 'ii' ~ 
'i' ,+1. j 1 1 _, 'ffii j J±. ~+' '-:jj -
H ,-+-++-r-+-H-++++-c-H-+-H-++-+-+" i "'- .. 
- 1 J tc - cf!; t:".,~ ,_: ; 
1.0 
I: " r _ ~ ~;;+ . ..:~ D I ~'-: 
;!: 1 ~ hq.i .. {: ~L ;'1-1;'+ 
.B I ","1, : :1 
~'E " r_ i... '_" .tl ti~ .,t1 :r : 
r T t • + : .. ~;] ..... ~ ~ ..... -+1"" f: It".: 
.6 
:1 .. '_ u"" t t:" • : f; ll.1f "J 
I:ii 
I~ , "- t , r:"-: ',74" :; '~~: !i'I " ' --=r:: 
I , , / 1 ' 1 . i I ; 
.1 j,. \ \ ,I t .... _T. 1 
I 
1 .,. ": ' " I I -I-- -\ i, _I 
- t l\ _ I • , -' .. I 
11 1 I f L\\ " ,-'~ r -r 0J_' r: ;j ,'''- ., 
Yl , i <io.° l _' I /I, . ,' I 'j 'j', i ......-;:::~.:::~ "i 
T =1001 -1 r--.;.. I 'P i < .'J- f t i r - ': i .Ri '~~ 
) "1 I 180t l ' .. " rj : _1 ~_ f' 1 .J,""""-; 1 :"=:::I:::J-J.... 
_VI ' ,-"t-t~ -t: 1;~f ,:1:,' -, ,~-:t.:~ 1 r 
/ I II 1 ~ 1\ I' I 
f-t-t-/-r'I,-1,- 1-- t -0 I I 1 -, i 1 -! i I 
, I H- -Ii Ii! ' I L 
,~ tIl I 1 ' r 
, IIA-ri,Nll liM~1 i .. 
t J t 1 ooMwmEfbRAElioWliICi 'j 
I I - ~ .. 1 'i _ ~ I i 
! J ~.- ~ '" ir' ,1;-:, L f 1 ,. j 
I J, i . :' iIi 1 : i' i "! I 
6 ."" , [' '1 " J ' -11 j j T C!T , i 
i L· r ~ I q f, 1 I· j.'! t· i r1 ' 1 
Jl'~!t 1 I I 11,1 II 1 1 11 
o 100 200 300 400 500 600 700 BOO 900 
g t- T, deg 
(c) x = i . 
Figure 4 • - Continued. 
z 
» 
() 
» 
» 
() 
::0 
z 
o 
t'" 
~ 
c:..... 
I-' 
o 
'Xl 
f-" 
O'q 
tI'> 
() 
I 
. I 
. I 
NACA ACR No. L4JIO Fig. 4d 
~ .-
. 
[ 
I _ 
f·-
- -
I 
j 
I 
I 
1-
-
j-
· I 
NACA ACR No. L4J10 Fig. 4e 
t-t- t-- t-Ir-;-j ·_·~r-t--'-·-r--r-~"""'--"--' I I""!nr= 
--f- . 
f-. 1-" - .. i 
f--I-f-- - 1- f-
1--1- - 1- +-+-f-4--l-....J-...J--I-f---I 
f- r-- - I-
1 8 
," {,"j 0> 
- I 
, , 
.~' tli Itt 
[ ;U Wji 
~ Ii 
II ~, ,~ 
8 
OJ 
'---- - --. ~ 
NACA ACR No. L4J10 
, 
i 
f.t-
I 
, 
~ 
It-
o 
rl 
I-
if 
, 
l"-i--
c 
" 
tl 
,-
Illc 
. t , 
1.-. ~ 
-
-
--
0< 
t 
, fl jj-' 
,~ Ie,· 
lil i1 
.'~ IT! 
q 
I ~ + 
'. 
< 
* 
, 
f ' :,f .. 
'il" 
< 
1+-
~. 
~ ~ ~ 
r ..... 
r 
+ 
I 
,1 
d 
,~ 
""" 
It II 
I 1J,9 
rli 
f /' 
I 
'.g k 
--e I,li' " I 
t ~ 
II1ti 'inu ft,Jt; \~ 
.r-,,~: 'J_ 
!\ , 
< 
t 
111 
~4 to 
! 
J 
- Iii 
- r --'---
. 
bt" 
l..- i---; 
-i ..... /' 
l-'" / 
\ 
, ,"-
..,.::: t:s:- ' 
~ 
'J 
I 
) 
/ I 
I~ I 
I ,.; I 
I 
I 
-
.l> I 
10 "-
1, l\iit 
o 
. 
-
I I 
I 
-
<, 
.• , 
'"' 
" 
--'--" 
I 
f-
. 
- f- ~' 
-
-
-
-
'" ,
, 
1m 
--
. 
-
, 
,-. 
-
r--
1-
" 
-
1"' -
-
- -
-
~ 
I 
, 
, 
I +-
l:! 
'l< 1 ~~ 
~r.! 
.. ", 
~ ~ f-. .. 
Ii it .. ~ I ~ 
1[ 
.1-I-
---
-
~. 
~ - l-e---0-<- < t 
-~ 1-1-
l- t--
--I-
I~ f.- ~-
II" 
I- i---~ 
- --
-- 1--
Fig. 4f 
I-I-
~ 
11fr.l.' 
I 'Ii 
,. 
I--' ~ -
I-~ I- -~ 
~ 
, 
, 
1 
I 
-
-+ 
1-I-I-I- I--
-1- r -._I~ I 
I-- --
I- t--
1-
8 
IX) 
o 
o 
r-
8 
10 ~ ~r.:: 
II 
l--- x 
~ S 
8 
If) 
8 
'" 
8 
rl 
f·-f- f- --I- 1-
.: =F'" 
<0 
I 
-- ="'-= = l- I--- o 

NACA ACR No. L4J10 
-- - -;- r- ;-;-:-r-;- - - ;-I-~I--r- -
- - r-- >-- '--'- - -- r- - t--t---+--i _1 I-,-- ~ - ~-----+------+-f---+--+----t--t--t----II----t.---;-- -j--+--+-+-+-1 
1-1- --I-- --t----HH-,----'f---+_+__ 
o 
'" 
o 
'" 
o 
'" 
o 
'" 
o o 
M 
I 
Fig. 415 
0 
0 
I'-
0 
0 
..; ~ <II 
0 
" 
'" ::l 0 I- M 
<D b() u <l 
., 0 
'" .~ ~ ~I:S U 
r 
'" + ~
'" QI ~ 0 1'-100 0 1\ 
'" ... >< r.. 
3 
0 
~ 
~ ---_.- - ---.-
1. 2 
l. 0 
. 8 
.6 
.4 
.2 
Yl 
o 
-. 2 
-.4 
-.6 
-.8 
i 1 r' i _Li..._ ! " I ! I l i ,I I 1 I 
- ~ 1- ,,\ ai.FiES' UiI'- .,L ,: I I I I I I 
I I ! I ' / iT , I • T I" I I I ! 
J r 1 \ !I U I , : I ; I 1 I 
J it j I ~ \ j Iii 1 ;i. I ; , Ii' , I 
l , I 1 : 1 1 J' I I ! ,I I I 1 , I I 
II f ! I ' \ I I I j!, ! I ! ' ! I I I 
I 1, 1\ ! I I I ! -I ,- i I! 'I ; i ! 
1 I II f I 'I I • J 'I i 
, _ ~ _ •• ,-1 • " l ,I. t I I i I i- ' 'I 
1 I I r 127 JO ' ~ f If, , r ! I I i I I 
II 1 \ 1 ,~lll-III I111 I I 1111 
I ,', I - : I ' i 'j I' It: , I 
I I I ' i r ! J I II _ Ii' j I 1 I. 1 
'I --;. j ! \ . l-l ! ! I 
, -I -r t 1 i II ' , ! I 
1 I + i 4 I l I 1 ; i 
-- -1 I I I ' J! 1 i 
I -, I, ,;1 I \ ill : ~ I ! I ' , 
, I I I I ',I t ! 1 1 I, ! 1 1 , 
! i 1 r· { : ".- 'I ~ 1
'
!, ii, ' I ill! 1 
.- I, ' 1 1 1 ~'Ic- 1\ r ~ 4, ,-T! f I I L [I I 'I i I 
I , 1 i 1 I~"" i\ 1 '1 I J, 1 !' 1 i I! j! 1 I' 1 
--:,t = o~ 1 1 OJ.,.~ _:'::';~ '-1 I .1-r-: I i I I 
1_ ~ ,'" I ...... , ",. - I I ! 1 , 
!\ ,/',/ 1 I ,I' If! I 
r..... ' ...;;-- / -;'-j t 9 Ii' I I I ! 
: V 'l r J ~ j I I! 1 
J 1 / 1 1 - :j or 1 + ! "',I,JI 
l i e - r-- - I I, I ,I I 
-' I _ f 1- ... .", ' I , : 
,J • - 1 =1c _ ,, ';j. ;.. I cdMMITIU fOti~ONAund! I ! 
, i ! .t Iii: i 
- r I '_ 1 .1 _ , I 1. .' I • ! , 
,j' , 1 I " I' I , 
f .- I' !!!' I; I 
_. . ~':;:_ --- -=~~:£'='--' - .... , ",,:1-,,- - :1-'.1-":' • , - .: ' -1 r J !- f 
" -J .,~ .. ! - , II I 1 
o 
1- I - - P'. Ii i : 'I 1 
~ .jO .;1; ~. -lx' .. ,; ,""-'" li$i$l:$l , i$-l Ji' ,.' - -k. i It ~ I 
100 200 300 400 500 600 
8 +1' , deg 
(a) x = ! . 
700 800 
Figure 5. - The function Yl ror ~; 1 and four values of l' 
900 
z 
~ 
(') 
» 
~ 
(') 
::u 
z 
o 
~ 
~ 
c:.... 
,..... 
o 
"%J 
1-"' 
OQ 
01 
P> 
---.--- ---
NACA ACR No. L4JIO 
o 
rl 
• 
o 
'" I 
": 
I 
W 
I 
8 
en 
o 
o 
OX) 
o 
o 
r-
8 
(') 
o 
@ 
o 
o 
M 
o 
Fig. 5b 
. I 
! 
• 
I j 
1. 0 
. 8 
. 6 
. 4 
. 2 
o 
Yl 
-.2 
-.4 
-. 6 
, t, \ I \ 
I li,II " I' p-L' \' 
1-1'- 'I' I , '1 'I , I I I ' I! I t+TfiT -t CQIIIillIiIM~1""!L ' : ! ! i ! hi; 1 
" "it , 1 Till" '; "I " ,,' ,,' ~ 
-' I I " l-t 1 " ,,~ , I I I • J ' , ', I ' I T 
" 1 ,; I ' I ' :' Til' 1 I ,1 , T I J I ,T , ~'- I I I " " T , ,1 I' 'i~+' · I , I ' ;, ! -, 
, " " ~ , I; , f ' ,,, ' ' , 
J , '" I ,i 'I: I, , ,'i , ' ,"'~' 
; I '" ,II " " I., I '" ' ,11 ' 
, " I " I II I I , ,,' I I I I ; 1 ; L , ~ ,,'! , " ii " ,I ,; T -t II' , ' T l ' I ' . i i 
, ;" 1, ,"~, • , , . ", 
"I " p i; 1" ' "I' i , , 
, , 'I' ; I I " I II I', "l1+t, I 'i, I , ", 1 , I, Ii I ; 
L ' ",,,, ' I ' I," H- III 
I "i I I " ,I II I I 1 ~ I , , 
, ;" ; I ,I I I I " " .,' T L 
I ," 11 , ' I ' I I ,T" ,,' iT , 
I Ii' " II " ,,1 ' , "I' ' ; 
I , " ' , T "",' J , ; 1 
,.. I I Lr '" ' ' J I, I ,I! I,' , ~'" t.,.++ I"f" ~ , ," I ' rt , 'I' ,1" <"1 I " ' , , I"i I ' , " ,,' +t+ I' 
, I "-- I vJ;>" -r~"'-'l +-W--ri-- I ,I liT t ' , ,-
• , ~ ~ _.< I / ' ~ , , , I, ' 
, ' ",' ' , I' ,' , -_ I' I I ' ' , ' ' 
, Y " , '"'" , ", """ ,~, ' " ,1 ' I I W ' ,,' " ' I ' 
o 
, , , "I, " ,', I! 1 ' -', ' I 
I' ," " I I I lJ ; I, ',I ," I, 'I I! ,I I I , T " 1" ,,' 
f- I , ;' "I I,; I ,I I' ' 
-, ;' I """ I 'iI -I I' III' ,I, ' "-T", ' 
, ! " ' , I " 'II "I ' I'" , I, ", .. ,._ •• ' , 
:t ,I,' I" I , I : 00",,"""""'" ~ 1'; , ' ~ , 
, ,;" I" ,''O ' I ' " , 
I '1"'1 "I , I ' , ; , I I', ' ~ 1 ,,' .' " ' 1 L c..Ll, , '! ' . , . ~ >, L; , 'O I I, -~,~~ " ' ~ , I I I , "I I 'O -
...... '-• ...1 i I ,I ii' I , j 
100 200 300 400 500 600 
e +1' , deg 
(el X = ~ • 
Figure 5. - Continued. 
, .I ,'1:3 
700 8 00 900 
z 
:x:-
C"") 
:x:-
:x:-
C"") 
::u 
z 
o 
c-
~ 
c:..... 
........ 
o 
'XJ 
1-" 
oq 
CJ1 
o 
~~-- -
NACA ACR No. L4J10 
1 
J 
o 
.... 
o co 
I "= I 
Fi g . 5d 
8 
.... 
_ I 
NACA ACR No. L4J10 
-r-_" 1-. , ~ I 
. 11 f 
- -
......, 
--,- t,.- - • 
-,,-
-
~. -. 
...,.,--- '-- ~~ ~-
.J 
I ?! it -
-".--i1~ H-- - -- .- ~; 
'" 1.,- '--- ~o
I- f- f-
-~ ~ 
I ~I ~ ~e-.I--
" 
1. 8 
f-' 
" 
0 f- f,--, --~ f;- ,--- --f:- f,..- r- f-R -i~ .~ 1--:-I±: -'-' 
f- i-- ..!.".: ,--f-' r- . 
--'-' 
- -
-. 
-
. f- --- f--- -1- .. ,-
---
....,.; -- -I---f-
-'-'-
--
-~ 
~f-t ·r -~ •.. .. - ~.~, r,1 - -f- I--C- ;, "- ~ .,..... ',-'- -- I~ L .• -.. III 
- . ~ . 
- .. .~ ,-e_ • -- -~ 'il --:- -1- IJ - - - - _:!c. f-. •. -
--
i- --
f- " -
. ( 
--
~ 2t -
-
.- ,-
-' 
-
- - - --
-
-
f--. I- i---
- --f-' .. 
1- ,.-f--
f- - .-
h 1- .-f-' 
f-' f-- l-
1--- .. -
I- 1--
r-- "-. - -
I--
-
.;... 
--
-
--
I---
--
.--
--
- -
. 
~ 
--
-
,-
-
-- -C_ 
-
--, 
-
_.-
f-- - i-
-- i-. - .. -
-
- -- ~I- f--
i ~ -~ 
-
~ 
-~ ~ -. --
I-
- --. -f- I-- - -
•. -
-
o 
... 
-
-I-
.- --
'-I-- -
.-i---:-
-
-,- .~ 
I--'- --
--'--
. 
I--
~ - - ~ 
--
,-
· 1-
:.:: ;;::: c"=' 
--
-
~ 
-- -
. 
. - f--
f- -
--I-
I-.- --'- ~ 
- --
.,.... 
- -
-,- .- f-. 
e-
-,-
'It 
--V' 
'II 
.---
, 
--
-
- 7 I - , 
~ 
- \;-
.. -\- _. 
-::: 
\\ --.: 
-'\. 
.-r- - -'-" 
1-- c-- --f-
I- ~~ -, :~,... '-. 1-' 
--
-. 
~ I.- f- 1- - ',-- ~- .: 
/ 
- ' f--
.f-
I 
- / f-\ -
/ ~ 
_L:.. I f- l- .- - .- - f-' ---I -
.-
-
~ 
-' - ib 
" 
, 
.-f--- ~ 1- I~ 
o 
--. ~ £-r-
r- . 
.-f- '-" 
I -
-
.-
-
--
-. 
-= r= .. 
-
'" I 
r 
-
1-
~ , 
JWiI' 
J 
, 
-
,-
P. , 
! 
, 
'1 I 
OJ , 
.~ h-
;' ... ti J 
t,,, 
'i> 0 
I fh 
it 
j. .-
-, le 
il1* 
" l' 
[ 1\l1 Hi 
.. I.ft -,1' :-
'1 
'I' ,~ 
T, 
fji 
.' 
il 
~-: #11 ,= 
if, j 
r#l -
. 
~f" r' 
~ 
, 
o 
o 
m 
8 
<Xl 
o 
o 
c--
0 
0 
Fig. 5e 
.,; 
~ 
'" bO II)~ ~ ... .:l 
11 g 
.. 
I< 8 
+ ~ <l> 
0 II) 
0 
II) ~ 
~ 
~ 
o g 
8 
'" 
8 
... 
o 

.1 
o 
-.1 
-.2 
-.3 
Yl 
-.4 
-.5 
-.6 
-.7 
-.8 
I I I I J ' I I I I 
11 '1 r~--I~. II I 
I I: I I ~-=-,!",,~ I I I I 
I I : ; : _ _ I I I I 
I I I -}--. I i I • 
-r; bO : I 1800 /' ~ _-t::=-, -,t:' '-" _ \ I 
\ I I ...,-"" ' I I I 
;\ .. k V I I I 
I ,- - ' I / 
I , j 
! I J 
I I f 
~ I J 
\ i 
I I I 
I 
\ I I I, 
I 1/ I 
I I , : 
I I 
I 
I 
I ' All NI~IlV1l··:rJ!I'i-I·-++-f-t--i-
I I mM ~ITI E f R A .0 ~u Ie! 
I I 
I I I 
I ~O I J 
'--'- I 
o 100 200 300 400 500 600 700 800 900 
Q + 1', deg 
(a) x : ~ • 
vr~l!oll.' L Figure 6. - The function Yl for A = 1~ and four values of .,.. • 
z 
~ 
(") 
~ 
~ 
(") 
::u 
z 
o 
r 
,p.. 
r-
t-' 
o 
'XJ 
1-" 
O'Q 
(J) 
III 
· I 
.1 
o 
Yl 
-.1 
-.2 
-.3 
--r 1--1 [ I'T . Ii: : I I I I I i I I I l ,++-' , I ' ._ ' , l " T T - CON 1f1l~ti1'HJ -+-+--, I I I I I ' I I LT " 0 . ~~ ,/ - ' -+--l--l I I I T ' . I I I f I" 1 I f 80
0 
_" . f-.. I , ' I I I I T I I l I 1 __ 0: _'-,< ~~ ___ , ' " ' IT' I T ~ , l--P- -- - 1 I ' , ,,' I 
'- -j' T ~l --r 1 I I i, ' . , ' !' 
" 'I I " ' , y I "T ~ I '[ T~ 
, 1 I I '- TTl T d T1 
, 1 T'I T T - I' J ' 1 T 1 T--I 1. I T I -r I "I T T T - I 
.L I l ' __ 1 ' I -t I I i J , I IT , T - I 
'-- I 1 'Itt ., 1 -l I + 1 T I I IT I I 1 c-l.l ' -
-.l I' , I IT T I I , ' , -1- I I I ' I ' ~ ~+' I I ' 1 I - 1 ",,",r,:c~ 1 ~ T , I I' T' I ~. "M, ·,,.L, i 
.11 J 1T I I I 'I 1 I I I I I 1J lIIJ I 'I I I + - T 
o 100 200 300 400 500 600 
o +1' , deg 
1 (b) x :: 2' • 
Figure 6 • - Continued. 
I_-.Ll I I 1 I 1 11 
'- IT 
-
700 800 900 
z 
» 
o 
» 
» 
(') 
~ 
z 
o 
r-' 
~ 
c.... 
f--' 
o 
'%J 
1--' 
oq 
(]) 
0' 
· I 
-.-.... ----~ 
~-- ~-~ 
NACA ACR No. L4JIO 
-
I' . ~ 
. ~ ~ 
~ ~ 
:; ; 
j ::::; 
. !: 1= 
1- - f-;;i E ~ 
I--
,-- I-- -
r- I---r- - 1- ~ -
1--
I 
I 
1 
1 
I 
I--
I 
. Ij 
I-- - - I--~1 
J 
l- I t: I 
I-- _. l- ..\-\ -~ - -, 
, \ 
\ 
\ ~ 
'\\ 
f-'-- 'b ~\ I--I-- -- to 
r-I I 
y-I- - I- ~ -
_, I 
~f v 
I' 
I - f.-. -
I-- I 
\ - f--
"5 '-
T - " -~ ... -}-
-
-, 
r-I 
. 
r-I 
. o 
I 
--r---
- -
--
I--
,- I--
--I--
- I--
- I--
' - I--
I--
-
-
f- I--
I- f--
r-.-I--
--
--. 1--
I-- -
-
I-- --
(\1 
. 
I 
o 
o 
to 
o 
o 
t'-
0 
0 (!) 
0 
0 
If) 
0 
0 
<!' 
o 
o 
r-I 
<-"> 
Fi g. 6c 
u 
Q) 
. a 
~ Mtq< 0"" .,
'tl ~ 
II 8 
}- >< 
+ 0 (J) ~ (!) 
2: 
~ 0"" 1<. 
J 
. I 
• 
I 
. I 
I 
-~.--
NACA ACR No. L4JIO 
~.~r-r-'-~i"+-'-r-r~,' -r-f-+-r t -+--+-+-1--+' -t-,_-+----I -1--1-
' - J '-r--: 
-+-1---+-+ --I-----t -+-+-t---Il--+-+++-+-++-+---t---t---t-+-+-t-l-HHC---fC---f--t-t-:t""!T-t---r-r-rTr 
r _ 
-f--
Fig. 6 d 
--f-- I--~~I--I- ~~ -- I-----.I--~~I--I--~ ~H -~ -~ -- I--~--.I--~ ~I----~~ '-~I-- -I- 8 00 -
~ -~---t-~-I-+-~-~~4-+-~-+-I-~-+-~~-r-r+-+~~-r-rJ~~~-r;-rr~__1 
.- - -I-- ~ I-- f-I- -- -+-t---II---l-+-+-t--t--. +-t-f---"i.~ ~ -I--r I- r-
-r-+~~-~+-+-+-~~-+-+-+~~1-+-+-t-~r1-+-t-t-r~i-t-t-ro~-i-t~-r-1 t , -~ I - +-+-+-l-il- -I--t-- 1-1--1-- -- . -\- +-+-+_t- i'---r--r--'N- r- g 
1--1-- ~~++_+-~-~~-+_+_+-t--+--+---t-+-t-HH_1-t-r-j-+-+-I---+-+~--t-+-+-~H-1 
~ I-~ t- +--- 1-1- -t---+---t-- -t--t-t-t-t'"--lf -j- I- .-I- I-
.-1-- t---~·~~~-+_+-I---+--1 -~-~~4-+-+-++-+-+---t-+-t-H~-+-T-+-+~--t-+_~rr ~ ~ i-
tT' t-~H- ~ I-
- -f---t-IH .. --
+-+- I---I-t-I,--
.- -
I-I-f-i-t-t I-I-- ---
I- 1- --
• 
I 
I 
I 
~ _ I 
• 
I ~-1__H I I rli I 
IT I I 
.4 
I 
-
: . I 
I I 
j I I 
I I I i I 
.3 
I 
-I 
I I I I i I 
I 'I 1 I 1 , , I 
T I I .2 
I I 
i -t 90 I 
r , \ I 
I I I 
.1 
Y1 \ 
1'._0° I Je.D
0 
---I ' ,--. -~ , .,--
o 
--, - -
l-
-; I 
I r 
I 1 
-.1 
I I 
/I I 
ii , 
III -.2 
I~ I I 
I~ I i 1 I 
-.3 I , 1 ] 
o 100 200 
I i I 
I Ii I 
i i I I I 
I 
I 
, 
\ I 
I \, 
I I \' 
I, I t 
1 I I ,I 
: I I 1 
\ 
I 
I I 
, 1 
, l' r-- '~ ~ 
,/ t:;-t:: t- -""':: 
- I 
I 
I ' 
,1': 
i 
~ 
~ 
'--
300 
------.--~--~~~---
I i 
.j- GONETpnlt;Cteir I; 
, 
: 
I 
1\ \ , 
}.. 
T'\ 
~-::;; ~ 
I 
400 
! 
I 
I 
I 
-"':';-
I : 
I I 
I 
I ! 
I 
I 
I 
I 
I 
I 
1 
1 1 
--
- i-- -,-
500 600 
9 +7 , deg 
(e) x = ~ • 
... 
Figure 6 • - Continued. 
, 
I 
I I 
I 
I 
, 
!In, h". 
OM lIT f 
I 
700 
..IVlN inv 
· 'w 
bR a. 
"-t~ 
800 900 
I 
-
2: 
:x:-
C) 
:x:-
:x:-
C) 
::0 
2: 
o 
t""' 
~ 
<:....t 
f-' 
o 
'xJ 
t-', 
oq 
(J) 
ro 
\ 
• 
• 
.3 
~. i (1\ I 
1 1 \ 
I I 1 \i 
I \ I I 
. 2 I ~ 
90 \ 
\! 
-
, I I 
I -
~~ --tl;-r j . \ \ 1 I 
.1 
, ! 1 I t -~ . , 
- 0' 
\ ,,,,,. ./ f::j. .::.:= 
"-.. L-..,. ..:;?-"" I a 
- I 
I 
I 
-.1 
I 1 , 
, 
. f"n 
Yl I i ~\. 
I I I 
I i ll -. 2 
t' I 
I , 
I 
!--r-= 
: 
! 
. I I 
-. 3 
1 
-.4 
I 1 
I I 
1 I 
i i -. 5 
I I I , 
I I 
~ 
I 
-.6 
a 100 200 300 
It" . L 
I 
I 
1 
\ 
'1--, 
;::- ~-... l)' 
I 
400 
l'~"~iN.~ iii.. 
IIIIiiioJ 
i 
I 
r-
1 • 
, 
~ 
-
I I 
I 
I I I 
I 
500 600 
g *-r , deg 
15 (£) x = ~ . 
Figure 6 • - Concluded. 
I 
, 
" 
i 
>. 
~An hNAI ~~~ 
OMi IITI lu R tHo 
1 
700 
1 
·1 
-I 
Wl1 CS 
I I 
I 
800 900 
z 
~ 
o 
~ 
~ 
o 
::0 
z 
o 
L' 
~ 
c..... 
I-' 
o 
'"%] 
1-'-
OQ 
Ol 
H) 
... 
I 
. I 
. j 
• I 
>.,3 
4" Y1 
I I 1 , 1--' I~' 1 i 1-' I I I Ii, '" ~-;, 'I' I 'III I I I I 
•
008
1 , -+-J~, -+: -: ~J I i Ii l.·tl ± 'W1j'I~gtH~p.w, ~ I Iii i I I · i : · I I I , I I, I' I I' I I I ,I !, I ' I . I I ' . I
, 
, , 
I I 
I I I I I I ' 
.006 --t 
I 
.~ I . -r-#t=1!U~,_!~T:U I i Illn~1 '-~ AlT!Tti ! ,III Ff 
I I I 
.002 -f' I 
• -l--'.--------nr- .--+--,--' 
I I I 
o i·-I~ \ ~~ , '\ , I --t~Q ... - -- - -t...... .. I - ... --- - ' 1'- ~ I .... .. .... --~ 
----:/ 1 1 ' I'll t~ ~ : I ,:=z I . I I, I I -+-I=P V-'-I~~- i; t· L+~t - i :: +!- ~ I liT 
-. 002 I ,-----'----'-. - -..!..' __ --'---___ _ 
o 100 200 300 400 500 600 
a, deg 
(a) Two - b l ade propeller. (See table I.) 
Figure 7. - The funct i on c.; Yl aga inst a for four values of >-. • 
z 
> 
0 
> 
;t:-
O 
::lJ 
z 
0 
L' 
,p-
<:.... 
~ 
0 
"2:J 
~. 
OQ 
~ 
P> 

'A
3 
Y T 1 
-~ I I 
. 02() 
, I I I I I I I I 
--oj-----------
I ; I I ~J_I W;:. '"--I I I - f\ " I I r t- I I I I, T-i < , 
-
: - / \~ J I I I , I t I t I I I I I l \ -4 I I I I I I I I I I +- t-i ~- T ' 
I I I I I I 
--_. 
. 016 
I \ ; ! ~ ~ I 1 I I t t r r i I I I I I ! ( \~--\ t ~ t ~''-1 I 1 I I I I I ! I I I I . 012 
LI \ \~---1' ' I I I I I I I I I : , I ,-;- I I I 
;0J \\ ' I I I I I I ! , I i I I I I I I ~. Jf\!~ 
,\ 1 i---jl'~' I I I • I .I ' I 1 I I I 1 I I I I 
II / M ~  -~ I ~ I " ' I , I ' I I :-.... t r-+----.......... r--- I I 
. 008 
. 004 
//// j ~~_0 1- , , I I I 1 I 
-----
I I 
t ~ I - iT , , I I i I I 
o 
-.004 
o 
I ~' - I ,~ ~,t I--t + I ~' t 1 ~ i I I ~1-t I I I I 
100 200 300 
9, deg 
(b) Four-blade propeller. (See table II.) 
Figure 7.- Concluded. 
I 
I 
I I 
I 
I 
! 
I I 
I I 
; 
-
-tlAl101IAL A 
l oMMlTIkE fOR 
I- I 
' , 
, 
T 
I 
" 
~ 
! 
400 
I I I I , I 
I t1 +r i - -I 
I 
'H ' : I i I 
I I I I i1 --l--1 I 
-+-t ~ I -: I 
I ~I:i I t , I I I 
I 
- --+-. + , 
I ' I 
-, 
I 
: -r ' -, 
, i 
~ I ' I I - -KONAU~CS I I I 
'I I I I I 
I I I I 
I 
1 I 
I i I 
-
I I 1 i 
I I I I 
I I I I i 
500 
z 
> 
0 
> 
> 
0 
::0 
z 
0 
r 
~ 
c..... 
f-' 
0 
'%J 
:--. 
OQ 
-.::1 
0' 
· 1 

.012 
.010 
.008 
.006 
>..3 
4" Y2 
.004 
.002 
o 
-.002 
L 1 ,i.1 
LJ I I: l' ~ I I I! ill'""' u ' ,"" 1 .' r~ , I . 1 "~N ' I 'I , ~ IF L " ., 1 1 . ii' I .' J1! I ~-Tt I !. 1 IT . "-I T i' I. ..1 i,' I . 
, I. I' , ~ ~ i I ~ , I," t 
I I ' I I 1 I I' 
" ' I " ' . I '1 I , I I ' I' I I ,I 
I r I rr- I 1 c>. I'r I 11. t I I 
" "i I l' 
L----~ 1_ I' I I ! . i ~l" I I I I 1 / '\ 1 I 1 ~ 1 T I~ I I I I I J 1  
V' '! +-, J ,·i I I I ,. I I 11 
, .,\ 1\ ' 'I " [IJ 
I , I , '1M '\, I I " 'j I l-U 
.J I I I ~ . I ' ' -+.' 
I I 1 ~ _l ' I 'h. , . , , I' , ' . ~ I,. 1 I " I I i -: ~I ~_~ . , " 1 I I 1 -+-I " ,, ' I I, I I 1 1."'0,,1 ,, "'" I' ~ . ' 
1_ /,;' "' fQ. ' .~ I" I, i , ,'OMWTI E <0. A£Ro",ut'~ I 'I ~ 
, / 11 ~ 1 ~ ,I . -v.L 1 , : 1 -t- " I , -t-- 1 I I I I' " ~ 
I,,' : 1. 1 .1 I 1 f- I : I 11. , I 1 ~ 
o 
'~ , 1 I ' ] ,t--+-:- r+t I 1 '"-i 
I, :=r:: ' I l ' ,;-i 
.-l i T" I I I ' 'I,' . ~ 
, I I, I I' ~ ; '- 1 . J I ~1 ,--j 
100 200 300 400 500 600 700 
e, deg 
(a) Two-blade propeller. (See table IlL) 
3 Figure B.- The function ~ Y2 against e for four values of A • 
4 
BOO 900 
z 
:x> 
o 
:x> 
:t>-
O 
::0 
z 
o 
r 
..". 
c...., 
f--' 
o 
"l:J 
1-" 
OQ 
ill 
III 
• 
. 028 
. 024 
.020 
.016 
3 ~ Y2 
.012 
. 008 
.004 
o 
I 'I 
t=-
-i' I I I I I T Til' I [ r-
,--,--t I I I I I I I r I "' " I I . 1 IT t- ' I , . I 
1 1 ' , t 1 'I i - r'o up T il : . -1- ' . h I I , T I T 1 T 'f ~ , Jeiiit - I 1 I I 1 r 1 T i l T L 1 I I 1 Ii ' 1 1 I I I -1=R=~I ±j]I[±il+t=~' tti=t1IT=TP' 
L T ~ '" 1 1 ' 1 I 1 I' 1 T ' 
r---1 
I T'\, T TT 'j' 1 I 1 I , -
~ .... ' t\ I T , 1 1 \ I' 1 1 I 1 I 1 1 ' 
• T .: l T-' 1 I, 1 iii ' 
I- " II I II I 1 I I 
"I ___ '~ , \ 1 1 1 1 
I "\, I ~ . I j ,\ , -\ I ~ 
, 'I \A-' Ii' I I I I , ---;--r-1--+--1i\~+-i II_-ur . .' T I, ' I ~,, ' i I I ~ _ I ~ I "i 1 I I I 1 ' ' 1 
, I \ 11" '- I I I I I : " 1 
T 
~, \ I ' l 1 \ 1 " I ' -j -+--j ~ , ' ' I 1 I" T" 
1 f-" , " T ' ' , f'. " ,,' -r-
I=-l'-, T " '-., I' " " -t-+-' 
--"-' ..:; ~ ' '+-- " I I " ", T ~ ~ , ' I', , ,'<::.J 'N '-k. I ,. I ~ f--"- ' s,. I~ r-- "'- T 10'" '.' " 
L H ~i I ~c-.- '"=' " -' I IT " I T ~""~'" "'.,,~ ~ 
I l -T ~--,_ -,-; 1 ---... 1 1 ~ '" IT,ll I 1 I 1 I ' 1 I f=F1~ ' I I -.1.--.,... I I . ~ I I -t 
1 -+--l-
o 100 200 300 400 500 
e, deg 
(b) Four-blade pro peller. (See table IV.) 
Figure B.- Concluded. 
;J> 
(") 
> 
;J> 
(") 
::0 
z 
o 
l' 
,;::. 
~ 
f--' 
o 
"'OJ 
f-" 
OQ 
OJ 
a' 
/ 
. 05 
. 01 
. 03 
6 r t: ,,3 
1r C
s 
T Y3 
. 08 
. 01 
o 
-. 01 
5"- 1 T 11:1' I 
. 1 U I ±:i-Y + I I ,j . I I .. ~ . ,-~~ . ~ 1 ,-+-, ,I I ' ~, - _ I I , 1 j' , I I 
I t:L::1 I ~ 1_--1-1 II ~ I I III r . , '" 1 , I 1 T~ t ::r ~ I 1 ' FFt ~ ~U I I rl 
,-- ' \ ITI ~. ~ T-'--' ~ R= ' I ~ I 1 . 1-'--' 
.i-->- ' -l 1 ' I 1 1 
----+-- I\ T T I-==i~ I ' i '. ~ 
__ T 1: ' ;-~ 1 1-1 . I I 
_ ! I '\ 0~ ,I ++ ~ I, lEE =R 1 ' I I. I =E 
_ i \' I 1 , '-tfj I - - .. =Ff ~J I " I I ' , : . _ -+-I 
I 1 I 1 '~ 1 I 1 I I . . I--'-l 
I . 1 I " r::. 1 1 " + ' 1 ' I · -I 
" ~." T EE ~ , 
" ..... -'- ,tt I -I- T I-
., . T _ T _~ " ,--I '-...1 . = -II "T . J 1 ~ I. r ~ 1 t-l i--f+i -l- .. T -hl ! T t ~. I ' '- ,i 1 I .. ,_. 
... ":~. ~ , ., I . ,~, 1 I' I' 1 '.,,"" ORI,".~ I T 
,,, .. t;=-L l'=r ' ' . Wl,~ t 
. '. ijl' .. ~ t::rT -...;....;. ' 1 I' i I' ~ 
_ I .~ '.. " . 'fr' -+- 1 I T ~ 
. : l' I I ,T , 1 . r+r- ~I FFp=F=t -+--",,1· T I-+- T 
l .' "I l±t' " ~ ! i -t-l ' I I .11 1 I'T II I I , ;....1-1 
. I 1 1 1 I 1 1 1 11 1 T I : 1 ~ . ,-1 1 ] 1 11 1 +h T~ 1 I 1 i 
o 100 200 300 400 500 600 700 800 900 
a, deg 
(a) Two-blade propeller. (See table v.) 
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